Background. Low muscle mass has been assumed to be associated with disability, but no studies confirming this association have been published. High body weight and high body mass index, both rough indicators of body fatness, have been shown to increase the risk for disability; however, the specific role of body fatness has not been studied.
T O increase the years free of disability in old age, it is important to understand the factors associated with impaired physical function. Body weight and body mass index (BMI) have been reported to play an important role in physical disability in older men and women. Crosssectional studies have shown that persons with heavier body weight and higher BMI were more disabled than those of medium body weight and BMI (1) (2) (3) (4) (5) (6) . In addition, a high BMI has been shown to be predictive of disability risk at 2 to 14 years follow-up (7) (8) (9) (10) . Reports of the association between low BMI and disability are contradictory (3, 4) . In one study this association was stronger among persons with chronic conditions than among healthy persons (3) .
A limitation of these studies is the use of body weight and BMI, which does not take into account the composition of the body and is only a rough indicator of body fatness. The relationship between the two major individual components of body composition-muscle mass and fat-and functional disability has not been well studied. The age-related loss of muscle mass (11, 12) , or sarcopenia, has been assumed to contribute to disability in old age (13) . Several cross-sectional studies have reported an inverse association between muscle strength and disability (14, 15) . This relationship has been confirmed in intervention studies showing that increased muscle strength after resistance training, even in very old persons (16) , was associated with improvement in physical function (17, 18) . Because greater muscle strength is related to greater muscle mass (16, (19) (20) (21) , an inverse association between muscle mass and disability has been hypothesized but not examined directly. No studies have specifically investigated the relation between muscle mass and disability.
Similarly, no studies have directly examined the association between body fat and disability. Body fat may be associated with disability through its positive relationship with chronic disease (22) (23) (24) . High body fatness may also be a marker for physical inactivity, which has been shown to increase the risk of disability (25) . A direct influence of body fatness on disability is also possible, because exces-M214 Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/53A/3/M214/540644 by guest on 21 December 2018 sive fat places a greater burden on the body and limits movement. The relative increase in body fatness with aging (11,12) may increase older individuals' risk of physical disability. Increased knowledge of the role of body composition in physical disability may contribute to the prevention of disability in old age by defining optimal body composition for elderly persons.
To our knowledge, this study is the first to investigate the relationship of total and regional body composition, determined by dual-energy x-ray absorptiometry (DXA), with self-reported physical disability status. This cross-sectional study of Framingham Heart Study cohort participants is unique in that it includes information on the individual components of body composition, muscle and fat, as well as disability in a large cohort of very old men and women. We tested the hypothesis that a low skeletal muscle mass and/or a high body fatness in very old men and women is associated with physical disability.
METHODS

Subjects
Subjects are participants of the Framingham Heart Study. The original cohort of 5,209 men and women aged 30-62 years was recruited in 1948-1951 for an examination of cardiovascular disease and has been biennially examined since 1948 (26) . In 1992-1993, approximately 1,161 participants of the original cohort were still alive and 932 attended the 22nd clinic examination. A total of 789 men and women agreed to a whole body DXA scan. Data for the 753 participants (478 women and 275 men) who also had complete data on self-reported physical disability status were included in the statistical analyses. The Boston University institutional review board approved the study protocol.
Using data of both examination 20 and examination 22, anthropometric measures of subjects who had a DXA scan at examination 22 were compared with those who had no scan. Within each sex, no statistically significant differences were observed for body weight, BMI, triceps skinfold, subscapula skinfold, and abdomen skinfold thickness, suggesting no apparent differences in body composition between subjects who had a DXA scan and those who did not.
Procedures
Self-reported physical disability status, self-rated health, and measurements of grip strength and anthropometry were obtained at the examination 22 clinic visit. A whole body DXA scan for the assessment of skeletal muscle mass and percent body fat was made during an additional clinic visit within 2-3 weeks of the index visit. Information on potential confounders was obtained from the baseline examination and examinations 20 and 22.
Physical disability status.-The subjects were asked the nine physical function questions listed in Table 1 . The items have been used in the Framingham Heart Study (27) and are adapted from the Rosow and Breslau (28) and Nagi (29) scales. Evaluation of the reliability of the measures used here by repeated testing after 3 weeks showed agreement of 89% for measures of mobility and 80-92% for the Nagi items (30). •Report of "a lot of difficulty," "unable to do," or "don't do on doctor's orders" at examination 22. fltem used also to calculate mobility-related disability.
Overall disability scores were created using all nine function items, including both upper body and lower body disability. First, a categorical score was created. Persons who reported having "no difficulty," "little difficulty," or "some difficulty" in performing the item scored 0 for that item; persons who reported "a lot of difficulty," "unable to do," or "don't do on doctor's orders" received a score of 1. Persons with a score of 0 for all nine items (no physical disability) were contrasted with those with a score of 1 for one or more items. Secondly, an ordinal score was created accounting for level of difficulty. Persons who reported having "no difficulty" in performing an item scored 0 for that item, "little difficulty" scored 1, "some difficulty" scored 2, etc. The ordinal score was created by summing up all nine items.
Because muscle mass might be particularly important for lower extremity disability, we also created mobility-related disability scores based on function items 1-3 only. Both a categorical score and an ordinal score were created.
Body composition.-Body composition was assessed by dual-energy x-ray absorptiometry using a LUNAR DPX-L whole body scanner (Lunar Radiation Corp, Madison, WI) in the fast mode at 150 mA. The DXA scans were made in the afternoon with the subjects wearing a gown. Body composition was calculated using version 1.3 of the manufacturer's software. The amount of total body tissue from the scan was positively correlated with body weight measured on a calibrated scale during the first clinic visit (r = .99, p -.0001 for women and r = .96, p = .0001 for men). DXA partitions the body into two fractions, bone ash and soft tissue. The ratio of soft tissue attenuation (R value) is used to divide the soft tissue into fat and fat-free components. The bone-free and fat-free component of the body was assumed to represent total body skeletal muscle mass. Skeletal muscle mass in the legs (sum of both leg regions on the DXA scan) was assessed similarly (31) . Percent body fat was calculated as fat tissue divided by total body tissue. Reproducibility was tested in 19 subjects who had two whole body DXA scans performed on the same day after repositioning. The intraclass correlation coefficients were as follows: .99 for whole body fat mass, .99 for bone-free lean mass, and .99 for leg bone-free lean mass.
Within each sex, subjects were categorized by tertile of total body skeletal muscle mass (or by tertile of leg skeletal muscle mass), and by tertile of percent body fat. Consistent with our hypothesis for body composition and disability, those in the highest tertile of skeletal muscle mass, or those in the lowest tertile of percent body fat were considered as the reference group. The cutoff points for the tertiles of total body skeletal muscle mass were: <35.2 kg, 35.2-39.1 kg, >39.1 kg for women, and <51.2 kg, 51.2-56.9 kg and >56.9 kg for men; for leg skeletal muscle mass: <11.3 kg, 11.3-12.6 kg, >12.6 kg for women, and <16.8 kg, 16.8-18,9 kg, and >18.9 kg for men; for percent body fat: <37.2%, 37.2-43.7%, >43.7% for women, and <27.2%, 27.2-32.0%, and >32.0% for men. Absolute skeletal muscle mass was used because this measure has been reported to be associated with muscle strength (19) (20) (21) . Percent body fat was used because it adjusts the amount of fat for body size. A fat mass of 20 kg will be a greater burden for a body of 50 kg than for a body of 80 kg. In addition, fat mass was strongly associated with skeletal muscle mass (r = .38, p = .0001 for men; r = .50, p = .0001 for women), while percent body fat was more independent of skeletal muscle mass (r = .08, p = .19 for men and r -.18, p = .0001 for women).
Grip strength.-Grip strength was used as an additional indicator of muscle mass with those in the highest tertile of strength as the reference, group. Grip strength was measured on the dominant hand using a Jamar isometric dynamometer. The maximum strength (kg) out of three attempts was used. Maximum grip strength was available for 336 women (70.3%) and 205 men (74.5%).
Fat distribution.-The waist circumference and the ratio of waist and hip circumference were used as indicators of fat distribution. Waist circumference was measured at the level of the umbilicus, and hip circumference was measured at the level of the maximal protrusion of the gluteal muscles.
Potential Confounders
Physical activity.-At examination 20, subjects were asked for the number of hours per day that they slept and performed sedentary, slight, moderate, and heavy activities. A physical activity index was calculated by multiplying the hours for each of the five activities by the intensity score for each activity and summing the values across activities (32) .
Health status.-Self-rated health at examination 22 was reported as excellent, good, fair, or poor. A measure of comorbidity was created using information obtained at examination 20. Previous or current presence of a variety of chronic conditions was determined using the medical interview, previous clinic data, and medical records. The chronic conditions assessed included: diabetes mellitus, lung disease (emphysema, chronic bronchitis, asthma, other), joint disease (gout, degenerative joint disease, rheumatoid arthritis), cancer, and hypertension. The presence of some conditions was also determined by information on medication use, as follows: coronary heart disease (cardiac glycosides, nitroglycerine, longer-acting nitrates, calcium channel blockers, beta blockers, loop diuretics), diabetes mellitus (insulin, oral hypoglycemics), arthritis (daily use of nonsteroidal antiinflammatory agents), and lung disease (bronchodilator aerosols). The sum of the number of self-reported conditions (which ranged from 0 to 6) was used in the analyses.
Other potential confounders.--Based on self-report at examination 22, participants were categorized as former/ never or current cigarette smokers. Current smokers were defined as persons regularly smoking cigarettes in the past year. Reported number of alcoholic drinks per week at examination 22 was used to categorize subjects as nondrinkers or drinkers. Women were divided into estrogen user or nonuser groups based on the self-reported information on current estrogen replacement therapy at examination 22. Education level was defined as the number of years of completed education as obtained at the baseline examination. Recent weight loss was calculated as the absolute change in weight between examination 20 and examination 22.
Statistical Analyses
All analyses were conducted separately for men and women using SAS software (SAS Institute, Inc., Cary, NC). Reported correlations are Pearson's product-moment correlations. The Mantel-Haenzel chi-square statistic was used to test the association of health status, smoking, use of alcohol, estrogen use (women only), and physical disability score with tertile of skeletal muscle mass and tertile of percent body fat. Analysis of variance was used to test the association of tertile of skeletal muscle mass and tertile of percent body fat with selected continuous variables. Multiple logistic regression analysis was used to assess the association of the categorical disability scores with-tertile of skeletal muscle mass (total body and legs) after adjustment for age, education, physical activity, health status, smoking, alcohol use, estrogen use (women only), and body height. This analysis was repeated including percent body fat as an additional covariate. Similar analyses were done using tertile of maximum grip strength as the main independent variable. Multiple logistic regression analysis was also used to assess the association between the categorical disability scores and tertile of percent body fat, after adjustment for age, education, physical activity, health status, smoking, alcohol use, and estrogen use (women only). This analysis was repeated including total body skeletal muscle mass as an additional covariate. Similar analyses were done using tertile of waist circumference, or tertile of the ratio of waist and hip circumference as the main independent variable. All analyses were repeated including weight change as an additional covariate. The associations between body composition and the ordinal disability scores were evaluated using analysis of variance. Because persons missing values for specific covariates were omitted from that analysis only, the number of subjects differed slightly for each analysis.
RESULTS
The physical disability status of the study sample for specific function items is shown in Table 1 . Among women, 172 (36.0%) and among men, 54 (19.6%) reported disability for one or more items. Mobility-related disability was present in 129 women (27.0%) and 41 men (14.9%).
Men and women in the lowest tertile of total body skeletal muscle mass were older, had a lower body weight, BMI and percent body fat, were shorter, had a greater weight loss in the previous four years, and had a lower grip strength compared with those in the highest tertile ( Table 2) . Men in the lowest tertile of total body skeletal muscle mass were less active, tended to smoke more (p = .06), and drank less alcohol, while women in the lowest tertile had fewer chronic diseases. Men and women in the highest tertile of percent body fat had a higher body weight and BMI, smoked less, and had gained more weight in the previous four years compared with those in the lowest tertile. Women in the highest tertile of percent body fat had a higher total body skeletal muscle mass and had more chronic illnesses.
Physical disability status by level of total body skeletal muscle mass is shown in Figure 1 . No association was observed between the prevalence of physical disability and total body skeletal muscle mass (p > 0.4), nor was an associ-ation observed for leg skeletal muscle mass (not shown). After multivariable adjustment, women and men in the lowest tertile of total body skeletal muscle mass or leg skeletal muscle mass were not more likely to be disabled than those in the highest tertile of skeletal muscle mass (Tables 3 and  4 ). Per one standard deviation increase in skeletal muscle mass, no decrease in odds ratio (OR) was observed. Adding percent body fat as a covariate slightly increased the OR for physical disability in the lowest tertile of skeletal muscle mass (OR 0.73 for women and 1.33 for men); however, the association was still not significant (data not shown). Similar results were observed for mobility-related disability. Using analysis of variance, no association was observed between total body skeletal muscle mass or leg muscle mass and the ordinal disability scores accounting for reported level of difficulty (results not shown).
Maximum grip strength was positively correlated with total body skeletal muscle mass in both men (r = .50, p = .0001) and women (r = .46, p = .0001). The strongest association was observed with arm skeletal muscle mass (r = .53, p = .0001 for men and r = .50, p = .0001 for women). These associations remained significant after adjustment for age and height. The odds ratios for physical disability for subjects in the lowest tertile of maximum grip strength compared to the subjects in the highest tertile, after adjustment for potential confounders, were .90 (95% confidence interval [CI] 0.48-1.69) for women and 1.76 (95% CI 0.69-4.47) for men. These results were not significant and were of similar direction and magnitude to those for skeletal muscle mass.
The prevalence of physical disability and mobility-related disability in both men and women was positively associated with percent body fat (p < .05, Figure 2 ). After adjustment for potential confounders, women and men in the highest tertile of body fatness were 2.69 and 3.08 times, respectively, more likely to be disabled than those in the lowest tertile ( Table 5 ). Per one standard deviation increase in body fatness (8% for women and 7% for men), the odds ratio was 1.61 (95% CI 1.24-2.08) for women and 1.60 (95% CI 1.10-2.33) for men. The increase in odds ratio for each standard deviation increase in body fatness was similar for men and women. Similar results were obtained for mobilityrelated disability. The odds ratios did not change after including total body muscle mass in the model. To avoid possible mathematical errors inherent to the expression of body fat as a ratio of body mass, the analysis was repeated using absolute fat mass. The analysis showed similar results.
Women in the highest tertile of fat mass were 2.61 times more likely (95% CI 1. 40-4.86 Figure 1 . The prevalence of self-reported overall disability and mobility-related disability in women and men, aged 72 to 95 years, by level of total body skeletal muscle mass. (95% CI 1.63-6.52) and 5.38 (95% CI 1.69-17.20) for women and men, respectively. Analyses of variance using the ordinal disability scores accounting for reported level of difficulty also showed a positive association with percent body fat (results not shown).
The distribution of body fat (measured by waist circumference and the ratio of waist and hip circumference) was not associated with disability (not shown).
Including weight change during the past four years as a covariate did not alter the conclusions.
DISCUSSION
Body composition changes with age are characterized by an increase in body fatness and a reduction in lean mass and muscle mass (11, 12) . Loss of muscle mass, known as sarcopenia, has been hypothesized to play an important role in the decline of physical function with aging (13) . The present cross-sectional study is, to our knowledge, the first to investigate the relationship of total body and regional body composition to disability at very old age. The findings support our hypothesis for body fatness but not for muscle mass. The results suggest that a high percent body fat, not low skeletal muscle mass, is associated with physical disability in both men and women.
This study confirms the findings of previous investigations reporting a higher disability risk for subjects with high BMI and high body weight (1-10) and extends the findings to show that body fatness is likely to account for the increased risk.
Several mechanisms may underlie the observed association between percent body fat and physical disability. Persons with a high percent body fat may be disabled because of chronic disease (33, 34) associated with overweight in old age, including diabetes mellitus (22) , osteoarthritis (23) , and heart disease (24) . Overweight persons may also become disabled as a result of physical inactivity (25) . Conversely, older persons may experience an increase in body fat after becoming disabled, e.g., as a result of decreased physical activity caused by the disability. In the present study, however, the relationship between body fatness and disability remained significant after adjustment for chronic disease, self-rated health, and physical activity. Our results suggest a direct influence of body fatness on risk of disability through an increased physical burden on the body, limiting movement and increasing strain on joints and muscles. Because the present study is cross-sectional, a causal relationship can only be inferred. Longitudinal studies are necessary to clarify the mechanism by which body fatness is related to physical disability.
Weight gain in old age is likely to be the result largely of gains in fat (11), and overweight in old age is associated with an increased risk of disease (22) (23) (24) . The results of these studies and the present study suggest that weight gain with aging should be avoided. It should be acknowledged, however, that results from studies investigating the relationship between body weight or BMI and mortality are contradictory and that it has been suggested that modest weight gain in old age reduces mortality risk (35, 36) . It may be that heavier older persons cope better with the metabolic stress of disease and thus are less likely to die *Odds ratio (OR) with 95% confidence interval (CI). The tertile with lowest percent body fat was used as reference group. t Adjusted for age, education, self-rated health, chronic illness, physical activity, estrogen use (women only), alcohol use, and smoking. from the disease; a possible consequence of this survival, however, may be more years afflicted by disability.
In this study no association was observed between skeletal muscle mass and disability. Although muscle mass and muscle strength are strongly associated (16, (19) (20) (21) , strength may better reflect physical disability and may be influenced by factors other than muscle mass, such as disease, muscle use, and muscle morphology (37) . However, no association between grip strength, the only strength measure available in this study, and disability was observed, confirming the findings of a previous study (15) . We recognize, however, that grip strength may not be the most appropriate measure of strength for this analysis, and further research in this area using leg strength measures would be appropriate.
It is possible that a recent decline in muscle mass may be a more important determinant of physical disability than the absolute quantity of muscle mass. Increases in muscle mass after training have been shown to be related to increased functional performance (16) (17) (18) . Similarly, decreases in muscle mass may be related to a loss of function. Longitudinal studies are necessary to investigate the effect of sarcopenia on self-reported disability and physical performance.
The nonsignificant findings for skeletal muscle mass may be explained by the fact that low weight subjects, who are more likely to be frail and to have a low skeletal muscle mass, were underrepresented in the study. Only a small percentage of subjects in the present study sample were extremely underweight (2.6% of the women and 1.1% of the men had a BMI<19 kg/m 2 ), and it may be that long-term Framingham participants with low muscle mass were more likely to drop out, potentially biasing this study. A higher mortality risk has been reported in older men and women with low muscle mass (38) . To address this possible bias, we compared those who returned for examination 22 with those who dropped out of the study after examination 20 (4 years earlier) and found comparable body weight, BMI, and skinfold thicknesses. In addition, comparable weight change was observed between examination 18 and 20 and between examination 19 and 20. However, those who dropped out were older and more disabled. Among women they were less physically active and had more chronic conditions. These analyses suggest that disabled and sick persons were more likely to drop out; however, the data do not indicate that they were leaner or recently lost more weight compared to those who returned for examination 22. However, since we cannot rule out the possibility that frail elderly subjects with low skeletal muscle mass died or dropped out of the study before examination 20, the generalizibility of our findings is limited to healthier older people.
Potential problems related to the measurement of fat mass and muscle mass may have influenced our findings. Muscle mass was assessed by DXA, a method which has been well validated in younger populations (31, 39, 40) . Although DXA validation studies in old age are limited, good agreement between DXA and bioelectrical impedance measurements has been observed (41) . In the study it was assumed that the fat-free and bone-free tissue represents skeletal muscle mass (31) . This assumption is probably more valid in the arms and legs, as total body estimates include various organs. In the present study the use of total body skeletal muscle mass or leg skeletal muscle mass gave similar, statistically nonsignificant, results. A third issue is that the validity of DXA measurements in obese subjects has been questioned, as tissue thickness may influence estimates of percent body fat (42) and bone minerals (43) . In addition, obese persons may exceed the scanner study window, causing an underestimation, especially of soft tissue. Excluding the very obese subjects with a BMI of 35 kg/m 2 and higher (6 men and 14 women) from the statistical analyses did not markedly change the odds ratios.
The use of self-reported physical disability as the outcome may be a limitation of the study. Although self-reported disability predicts mortality (44) and nursing home admission (45) , and correlates highly with scores on performance tests (46, 47) , performance measures may be more indicative of actual physical functioning. Misclassification using selfreported data may be especially true among overweight persons, who may overestimate physical disability because (a) they perform the tasks less often, or (b) tasks appear too strenuous for them, despite the presence of sufficient muscle mass and muscle strength to perform the tasks. In fact, men and women in our study in the highest tertile of percent body fat had the highest muscle mass and a comparable grip strength to those with a lower percent body fat. Use of timed performance tests in future studies might clarify these associations.
Finally, the information on two confounders was assessed at examination 20. Data on physical activity score were not collected at examination 22, and the information from examination 20 used in this analysis was the most recent available. Because in the Framingham Heart Study the chronic disease measure is based on a careful disease adjudication process for each condition, information on chronic disease for examination 22 was not yet available. However, the strong association between body fatness and disability observed in the present study is not likely to be explained by incomplete adjustment for these two confounders.
To our knowledge the present study is the first to show that body composition is strongly associated with physical disability in very old age. High percent body fat was associated with an increased estimated risk of physical disability, including mobility disability. In contrast to current assumptions, muscle mass was not associated with disability. Prospective studies, including both self-reported disability and physical performance tests, would extend these findings. The information could help in identifying persons who will benefit from intervention programs that may reduce the risk for disability, such as training programs to increase muscle mass or weight loss programs to decrease body fatness. ACKNOWLEDGMENT 
